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ABSTRACT 
 
 
 
 
Clean mold tool is important in large scale production of high quality 
integrated circuit chip.  Conventional mold tool cleaning techniques often involve 
chemicals as cleaning agent which is costly and polluting process hence light is 
suggested as a non-chemical agent alternative.  High intensity light energy released 
in very short pulse duration can remove the contaminant particles from mold tool 
surface.  Femtosecond laser of 1025 nm wavelength and pulse duration of 400 fs is 
utilized to remove carbon particle on chromium nitride surface.  The effectiveness of 
carbon removal is determined by the comparison of surface imaging, elemental 
composition distribution and the surface roughness value of the mold tool surface 
condition before and after laser ablation at different powers and distances.  The 
obtained result shows great carbon content removal of 75% and lowest induced 
damage percentage of 10% at laser power 1.7 W and ablation distance of 29.0 mm 
while highly preserving structure of the mold tool surface roughness value of 0.273 
nm.  Effective and precise carbon removal is achieved by using the optimum laser 
power and ablation distance onto target surface for laser cleaning on mold tool.  The 
main advantage of this method is chemical free process and leading to a green 
technological innovation in mold tool cleaning industries. 
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ABSTRAK 
 
 
 
 
Alat pembentuk yang bersih adalah penting dalam penghasilan cip litar 
bersepadu berkualiti tinggi pada skala besar-besaran.  Teknik pembersihan alat 
pembentuk konvensional sering melibatkan penggunaan bahan kimia sebagai agen 
pembersih yang menelan kos tinggi dan merupakan proses yang mencemarkan 
justeru penggunaan cahaya sebagai agen pembersih adalah dicadangkan sebagai 
alternatif.  Tenaga cahaya berkeamatan tinggi yang dibebaskan dalam tempoh denyut 
yang singkat mampu menyingkirkan zarah pencemar daripada permukaan alat 
pembentuk.  Laser femtosaat dengan panjang gelombang 1025 nm dan durasi denyut 
400 fs telah digunakan untuk menyingkirkan zarah karbon daripada permukaan 
kromium nitrida.  Keberkesanan penyingkiran karbon ditentukan berdasarkan 
perbandingan pengimejan permukaan, taburan komposisi unsur dan nilai kekasaran 
permukaan alat pembersih sebelum dan selepas tembakan laser pada kuasa dan jarak 
yang berbeza.  Hasil menunjukkan pengurangan kandungan karbon sebanyak 75% 
dan kerosakan susulan paling rendah sebanyak 10% pada kuasa laser 1.7 W dan jarak 
ablasi 29.0 mm di samping mengekalkan struktur nilai kekasaran permukaan alat 
pembentuk pada 0.273 nm.  Penyingkiran karbon secara berkesan dan tepat telah 
dicapai pada kuasa laser dan jarak ablasi yang optimum ke atas permukaan sasaran 
untuk pembersihan alat pembentuk menggunakan laser.  Kelebihan utama kaedah ini 
adalah merupakan proses yang bebas kimia dan menerajui ke arah inovasi teknologi 
hijau dalam industri pembersihan alat pembentuk. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Background 
 
 
Fast and effective cleaning process for mold tool is vital in large scale production 
of high quality integrated circuit (IC) packages.  During mold transfer process, the 
ingredient of epoxy compound will gradually stain the mold tool after consecutive shots.  
The stain is submicron sized particles left from epoxy used to encapsulate the integrated 
circuit. The accumulated residue particles can cause defect on IC structure and reducing 
the packages reliability (Kharchenko, 2015). 
 
 
Several cleaning techniques have been applied by industries such as dry ice pellet 
blasting, melamine compound cleaning and ultrasonic treatment (Johnson, 2007).  These 
methods can remove the stain out of tool effectively but damaging the equipment and 
decreasing the overall equipment effectiveness (OEE) up to 15 % as estimated from Logic 
Segment, Infineon Industries.  It also consumes a substantial amount of chemicals and 
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generates chemical waste.  Hence, there is need to introduce an effective and chemical 
free method to overcome this problem. 
 
 
Laser has been first invented by Maiman in 1960. It becomes a game changer in 
recent science and technology era due to its unique properties and versatility.  Laser 
technology is described as a solution in searching for a problem (Hect, 2005).  From a 
pointer in classroom to advance outer space application, it is proven to be helpful in most 
application.  The ability to deliver photon energy in short time become of interest 
especially in ablating target material for difference research discipline.  Few researchers 
report the application of laser ablation in synthesizing nanoparticles (Zhang et al., 2017), 
art preservation (Senesi et al., 2016) and generating fusion energy (Azechi et al., 2016). 
 
 
Laser has also been utilized in removing contaminant from solid surface. It is 
called laser cleaning method.  The first commercial cleaning system by using laser 
technology for IC industry is reported in 2000 (Lu et al., 2000).  It was asserted as a 
technological breakthrough, which enables faster cleaning and chemical free process. 
They are using Nd:YAG laser for cleaning.  However, this laser nowadays is considered 
producing long pulse and still induced damage on the surface after treatment.   
 
 
Therefore, shorter laser pulse is desired to be considered for overcoming the 
drawback.  In this work, a femtosecond laser is proposed to be used as an alternative for 
cleaning mold tool.  Ultrafast laser pulse is utilized in ablation of stain on mold tool for 
finer and more efficient cleaning.  This approach will have a minimal damaging effect on 
tools and a green technology breakthrough in IC industries.  This method may be a suitable 
replacement for existing cleaning method in the future. 
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1.2 Problem Statement 
 
 
Formation of carbon particulates on IC mold tool surface cause a defective IC 
structure on large scale production.  Removal of the carbon contaminant by conventional 
chemical methods are raising concern over environmental and health issue.  Laser as 
cleaning agent is suggested to overcome such problem.  However, laser cleaning method 
is not widely accepted by IC manufacturer. Apart from the huge initial investment cost, 
the effectiveness of the technique is apparently the greatest doubt. Furthermore, the 
potential damages of the mold tool which induced by laser are typically the foremost 
concern.  Current laser cleaning system uses Nd:YAG laser which produce pulsewidth in 
nanosecond regime.  Nanosecond pulse is prone to induces damage on the metal surface 
on microscopic level (Urech et. Al, 2006) thus, a shorter laser pulsewidth is suggested to 
overcome such problem.  The shortest laser pulse nowadays is produced by femtosecond 
laser is still a foreign in cleaning technology.  The signature properties of femtosecond 
regime could potentially increase the effectivity in removing carbon contaminant leading 
to a a cleaner IC mold tool.  Therefore, ther is a need to study the femtosecond laser 
ablation parameter for maximum carbon content removal from mold tool surface. 
 
 
 
 
1.3 Objective of the Study 
 
 
This research focuses on the following objectives: 
 
(a) To perform femtosecond laser ablation on chromium nitride surface 
(b) To characterize the femtosecond laser ablation effect  
(c) To determine the influence of laser power and distance on carbon, oxygen and 
chromium distribution. 
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1.4 Scope of the Study 
 
 
This study intends to perform the carbon removal from mold tool in research scale.  
The chromium nitride block was used to represent the material of IC mold tool.  Epoxy 
tubes provided by Infineon Technology industry were used as contaminant materials.  
Molding process is replicated by using hot plate to melt the epoxy tube within a 
temperature of 175 °C on the chromium nitride surface.  Femtosecond laser was used as 
a source of laser ablation.  The power of laser was used in the range of 1.3 W to 1.9 W.  
The laser is operated at fundamental wavelength of 1025 nm at 100 kHz output frequency.  
The femtosecond laser is ablated in straight line across the molded area forming zig zag 
pattern which represent each studied parameter.  Morphology and elemental analysis will 
be done on the ablation line.  The surface condition of chromium nitride substrate before 
and after laser ablation is examined by using high magnification optical microscope to 
observe any visible surface damage.  Detailed analysis is done along the ablation line by 
using scanning electron microscope (SEM) provide a deeper insight at substrate’s 
microscopic level images while energy-dispersive X-ray spectroscopy (EDX) is for 
characterization of chemical element distribution along the ablation target.  Further 
surface morphology analysis will be done by Gwydion software by utilizing high 
resolution images from SEM.  The amount of carbon will be the indicator of the 
contamination level while oxygen content will reflect the amount of damage sustained by 
the mold sample.  The definition for the best cleaning is the lowest amount of carbon and 
oxygen content left after femtosecond laser ablation.  This initial study can be used for 
future laser cleaning purpose. 
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1.5 Significance of the Study 
 
 
By utilizing light, one of the world most natural thing as the cleaning agent, the 
cleaning of IC mold tool would be a chemical free process.  Optical photon does not have 
chemical reaction with material due to absence of electron hence, making it contaminant 
free cleaners.  Stains on mold tool is instantly vaporized by high intensity photon burst 
without leaving any chemical by-products thus eliminating the additional cost for 
chemical waste treatment which can take up to million ringgits.  Precise cleaning by using 
femtosecond pulse beam can preserve mold tool surface structure over a long period.  This 
can maintain the production yield of high quality IC packages which will be used for 
worldwide electronic devices. 
 
 
 
 
1.6 Thesis Summary 
 
 
This thesis documented the complete work of this research.  It consists of five main 
chapters whereby, in every chapters are divided into several subchapters.  Chapter 1 
present the overview of the thesis, problem statement, research objectives, scope of study 
as well as significance of this study.  As in Chapter 2, it provides extensive literature 
review of integrated chip mold tool cleaning process by previous researchers including 
current problems on the cleaning methods.  Laser cleaning methods is also discussed 
theoretically as suggested alternative.  While Chapter 3 describes details information 
regarding the instruments and description of sample properties which has been used in 
this work.  Furthermore, it also discusses the calibration procedure and research 
methodology of research development.  There is also discussion on the analysis method 
used to characterize and analyse the changes of the sample structure over varied 
parameter.  All the result is presented in Chapter 4.  The initial work comprises of surface 
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analysis before and after laser cleaning followed by analysis on the cleaning and damages 
percentage for each laser ablation.  Comparison with laser ablation by Nd:YAG laser is 
explained to observe the effectiveness of the femtosecond laser ablation in removing 
carbon from mold tool surface.  Finally, Chapter 5 concluded the finding of this study.  It 
also contained the recommendation for future study. 
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